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DESCRI PTI ON Dry Povvder I nhal er Background of
t he | nvennio®sng192 Fi eI d of the Invention The fi el d RIT/USHSOH598ent | on
I's inhalers for dry powder i nhal ants or drugs. 5 Description of the
Prior Art ' Certain medicines may be administered in dry-powder

form di rectly to the lungs by inhalation through the mouth . or

i nspiration through the nose. This process allows the medi cine to
bypass the digestive system and in sone_ 10 cases, allows smaller doses to
be used to achi eve the same desi PEERIEHION as oral |y i ngest ed
nmedi ci nes. I n other cases, |t provides a delivery technique for

nedi ci nes t hat Dry Powder Inhaler

Background of the Invénti_on

Field of the Inventn.gn

' The field of the :anentlon is 1nhalers for dry powder
"inhalants or drugs.

5 - Description of the Prior Art
' - Certain medicines may be administered in dry-powder
form directly to the lungs by inhalation through the mouth
or inspiration through the nose. This process allows the
" medicine to bypass the digestive system, and in some
10 cases, allows smaller dosee to be used to achieve the same
.. .. desired results as orally ingested medicines. In other
. .cases, it provides a delivery technique for medicines that
‘display unacceptable. Es:i..de effects when taken by other

methods.

15 = Various devices or nebulizers that form inhalable
mists of medicines have been known and used. = These
devices form mists of 1iquid medicines, powdered
medicines, or from both liquids and powders. However,

~these known devices have various disadvantages, including

20 :lack of ‘efficiency in delivering the medicine or drug;

‘difficulties in loading and use requiring substantial

- manual dexterity; the need for repeated deep inhalation;

non -uniform dos:Lng, caking of powde'red med’icines;' and
‘"others ' o '



di spl ay unacceptabl e side effects when taken by ot her - nmethods. 15
-Various devices or nebulizers that forminhal abl e m'sts of nedicines
have beewggspsy2and used. These devi ces form m sts ofPCIVUHIS/EMSIS
medi ci nes, powder ed medi ci nes, or fromboth |iquids and powders.

However , t hese known devi ces have various disadvantages, including 20
1ack of efficiency in delivering the nedicine or drug; difficulties in
| oadi ng and use requiring substanti al 2 nanual dexterity; the need for

;rggieg;[ ﬁgs;degﬁdl n@o‘gﬁﬁ?@?;imporggg&%ﬂ%&%ggg "Shat aklltnghgg %Ooméje{o%cein
PCT/U§9540?5&%ali;ed ﬁha; several important ben@fits are oBbatihed if
Thortant { aGhar o SRy 85 IS ARG 1P erarf Y ZEBBQBRYSER cne
i ndependent phttleat’s paspiénaterynddiowat vayef | Gwe.at ehowi .deephowtheepl y
the 5 pageniaihg! e3hnQiesfOr dknatdSralhationt NG RAL €RheS patient’s
timing of the inhalation). An inspiratory flow rate
independent device can be used by patients with low
inspiratory flow rates, such as childrén or patients'
experiencing aspiratory distress. = Moreover, if the’
10 delivery of a drug is independent of the patient’s
inspiratory flow rate, the inhaled dosage will remain
‘relatively consistent | regardless of the patient’s ‘
inhalation characteristics. Metered dose 5inhalers,
typically using a propellant gas, reQuire_ significant
15. coordination for proper use. Actuation must occur during
inspiration, or the majority of the drug will be deposited

in the throat. It is now appreciated that a breath-
actuated device will minimize the need for patient
coordination. | _ |

20 Moreover, the beneficial effects of reducing the size

of large particles or agglomerated particles during use of
inhalation devices have apparently not been appreciated
previously.  Large or agglomerated particles of medicine
_ gather momentum during forced inhalation or inspiration
25 and impact the soft,-wet_tissﬁe surrounding the throat and
larynx instead of remaining in the air flow for deposit in
the lungs. When this occurs, much of the medicine
apparently_does'not reach deep into the interior of the
‘lungs and thus is not placed in a strategic location where
30 it will be solvated for direct absorption through the
- areolar tissue into the blood stream. In more severe
cases, such impact may cause coughing and thus could force
large volumes of moisture-laden air, as well as finely
~ dispersed saliva, to be reinjected into the device leading
35 to caking of the medicine.
Adcordingly, it is an object 'of the invention to
'proﬁiae an improved dry powder inhaler.



fining of the inhalation). An inspiratory flowrate I ndependent

devi ce can be used by patients wth | ow inspiratory flow rates, such
as chil drwypospspati ents ~experiencing aspiratory di st PEIAISIS/O04598
NMoreover, if the 10 delivery of a drug is independent of the patient's
inspiratory flow rate, the inhaled dosage will remain relatively. .
consistent regardless of the patient's I nhal ation characteristics.
Metered dose inhalers, typically us?ng a propellant gas, require
significant 15. coordipatjon_for proper use. Actuation nust occur during

i nspirati on, §¥m¥%§¥ﬁ8£e¥thl§¥§¥Eéggrug wi |l be deposited in the
throat. It is nbw aheseceadiedahhdhhalérehaf-a chambévafer mitkeimgeaim ||

mnimze the eed _patient rdi_nation., .20 r.eQver he
benefi ci al ef?%@t;% o?&rgéaﬁglanéﬁﬁge ngé.%%aq.a %‘I ar é'lé'%paﬁ?vc’ e§' (%ro thé
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moi st ur e- | adepoardinatiopl.| Rpgemedy a drug may be dispensed from a
-~ multiple-dose cartridge mounted on the inhaler into the
chamber. The rate of air flow through the chamber and the
' :rotation speéd of the impeller can be adjusted for
15 different drugs for increased delivery efficiency. In an
embodiment without a motor, air enters into the chamber
tangentially, mixes with powdered drug, and exits the
device via a central opening from which the air/drug
" mixture is drawn into the users mouth, throat and lungs. .

20 Brief Description of the Drawings
- Other objects and features of the present invention
will L :ome apparent from the following detailed
' descfiption taken together with the accompanying drawings
which disclose two embodiments of the invention. The
25 -drawings, however, are provided for illustration purposes
' only and are not intended as a limitation on the'scope of
“the invention.

'In the drawings, wherein similar reference characters
denote similar elements through the several views:

30 . Fig. 1 is a top plan view of a preferred embodiment of
" the invention; S _

Fig. 2 is a side elevétional view of the embodiment
shown in Fig. 1 with the dosage injector handle lifted out.
of its secured, traveling position and the front piece

35 rotated downward to expose the interior of the device;



di spersed saliva, to be reinjected into the device leading 35 to caking of

t he nedi ci ne. Accordingly, it is an object of the invention to

provi de awoiospg®yed dry powder inhaler. WO 95/ 28192 PCT/US95/04598

PCT/ US95/ 04598 _ 3 - Summary of the

| nventi on To these ends an inhaler has a chanber for nmixing air .
~dnd a powdered drug or inhal ant. Air flows into the chanber and is

m xed with the powdered inhalant V|a an % inpeller spinning within the

chanber. The drug-I aden_ ai,r ows out, of _t he chanber and int

nout hpi ece. PF&Ber abl y-8 ofit s'?% gectdrasl | Bigvi b t ﬁ%?%%‘é

around the dregbbdﬂmenaltakéhealohgleines 3ubsiﬁnanII2, flom/ rate

gencral 1y | ndepentidt or-bit (S Seciisit tokl, cakBR d185H TRE TR, B

di spensed frokna Fig. mﬂ t |E|:11Q§¢Jdt£se tdw t piedgeoddingd Ghatnherl nanderthet o
the chambeppe I08r 2hensh- ébﬁcéhﬁ?&&h&@ﬂﬁél&ﬂ@hiﬁ?nber and the

Fig. 5 is another front sectional view taken along
lines 5-5 in Fig. 3 forward of the rear wall of the front
mouth piece showing the preferred position of the air

_ inlet holes; -
10 Fig. 6 is a front end view of the embodiment shown in
. Fig. 1; -
Fig. 7 is a rear end view of the embodiment shown in
Fig. 1; | _ - |
~ Fig. 8 is a closeup view of the aerosolizing chamber
15 showing the pqsition-of the impeller in non-concentric
relationship therein;

Fig. 9 is a side elevational sectional view of the
impeller shown in Fig. 8; .

Fig. 10 is a top plan view of the assembled dose

20 cartridge usable in the embodiment shown in Fig. 1;

Fig. 11 is a sectional side view of the dose cartridge
taken aloﬁg lines 11-11 in Fig. 10; :

Fig. 12 is a top view of the ring portion of the
cartrldge showing the apertures for holding the doses of

25 med1c1ne, o

Fig. 13 is a top view of one of the cover plates shown
in Fig. 10; ' .' |

Fig. 14 is a top plan view of a second preferred
embodiment of the invention; '

30 Fig. 15 is a section view taken along line 15-15 of
| Fig. 14; ' ‘
Fig. 16 is a section view taken .along line 16-16_of
Fig. 15; | _ S
' "Fig. 17 is a section view taken along line 17-17 of
35 Fig. 14;

Fig. 18 is a section view taken along line 18-18 of
Fig. 14;

o



totation speed of the inpeller can be adjusted for 15 different drugs for
I ncreased delivery efficiency. 1In an enbodi nent without a notor, air
enters i nwo 4snsiazhanber ~tangentially, mixes with powlerRGIHSSH45%nd
exits the device via a central opening fromwhich the air/drug .

m xture is drawn into the users nouth, throat and:l ungs. 20 Brief
Description of the Draw ngs O her objects and features of the
present invention will become apparent from the follow ng

detailed =~ descrdpfi .aken jet her Wi cC VA ﬁ%&%’[‘
whi ch di scl ose'.t'mélﬁbg'% t&%n?sf%?gtﬁhgﬁldn‘\\%\gé%{)iéﬁét@e ﬁ%’?@ﬁ%ﬁ&a\% ngs, th
however, are q dedid for illustration purposes only and are not

i ntended as a |imgialion ok h&SEORMPview cIé“Q:Hé‘?@rﬂid&lr&\e_nc shown !ih the
drawi ngs, wherein simlar reference characters enote simlar elenents

through the s&#&all4iews: 30 Fig. 1is atop pfan view of a preferred
enbodi ment of .. Rie. i pYeAki Al enlarged Fifdon? ielevatiidm el eumt bgnalhe/i ew

of e om0 et Y0P el et L g J9PgRS Dl ector handle
rotated downward tRigexp@Beishe isetctrdiiom wifew heakiEwvi akong line 22-22 of
' Fig. 21;

Fig. 23 is a top plan view of the assembled dose’

10 cartridge for use with the embodiment of Fig. 14;

Fig. 24 is a section view taken along line 24-24 of
Fig. 23;

Fig. 25 is a top plan view of the ring portion of the
cartridge of Fig. 23 showing the apertures for holding

15 doses of dry powder;

Fig. 26 is a top plan view of the cartridge assembly
of Fig. 23 including a top cover plate; '

Fig. 27 is a side elevation view of the ring portion
of Fig. 25}

20 .- Fig. 28 is a top plan view of the inhaler of Fig. 14
with the hold-déwn lever flipped up or removed and the
cover plates on the cartridge removed, for illustration
purposes only;

Fig. 29 is a side elevation view of the inhaler of

25 < Fig. 14 showing movement of the hold down lever;

. Fig. 30 is a side elevation view, in part sectioﬁ, of
-the inhaler of Fig. 14 schematically illustrating air flow
paths therethrough; o
Fig. 31 is a top elevation view thereof;

30 -~ Fig.. 32 is a top elevation exploded view of the
_inhaler of Fig. 14; ' o
-'léFigtj33 is a side elevation view thereof, in part
section; ' '

'~ Fig. 34.is an end view of the .motor chassis, taken

35 ' along line 34-34 of Fig. 32; _

Fig. 35 is an end view of the housing taken aldng_line
35-35 of Fig. 32; .



WO 95/ 28192 " PCT/ US95/ 04598

4 Fig. 3 is a top sectional view of the preferred enbodi nent
taken alwogshsees 3-3 in Fig. 2; Fig. 4 is a fronPCTUSIVMAE view
taken along lines 4-4 in Fig. 3 show ng the aerosolizing chanber and
the 5 inpeller in non-concentric. relationship; Fig. 5 is another
front sectional view taken al ong lines 5-5 in Fig. 3 forward of the
rear wall of the front nDuth plece s@omnng the preferred position of

the air inle hoI is a.front_end vi
enbodi ment show 19 36 i @ zper eha Gisk B’ AR e80fe oPlfaet Kaken
enbodi nent shbmmgllune 36+36 4f Fig. 32; Flg. 8 is a closeup view of the

aerosolizing ch r h h 0Ll '%Fgﬂl r
- non-concentric 8;!’-7135 %ztf'(é)ng\t/#ggfﬁﬁ gglan?ltewrth%freg%.e | ae'l'qsr%dc]ellne
el evat i onal %%mﬁ?o%%lF¥gew$%f t he i npel l er shown in Fig. 8; '

Fig. 10 is a toprfhansgi e.\g of kaara%s.@vat%ndqsﬁﬂoofcaht rdgSrisable i n

t he enbodi nent shown.in 1;
motorless dry éhwder 1nhaler,

Fig. 39 is a side elevation view thereof in part
sectlon, | |

Fig. 40 is a front elevatlon v1ew thereof

10 Fig. 41 is a section view fragment of a blister pack;

Fig. 42 is an enlarged section view fragment of the
inhaler of Figs. 38-40; and

Fig. 43 is a section view fragment of another
motorless embodiment.

15 Description of the Preferred Embodiments’ _
Figs. 1-3 show the overall view of the first preferred

embodiment where a hollow front end piece 3 is pivotally

mounted onto an inner central core 1 by a pair of tabs 5.

A pair of pins 7 have ends mounted in core 1 for pivoting

20 piece 3 outward and downward from core 1. The front end

piece 3 includes a hollow tubular mouth or nose piece 9

formed at the front and a rear wall 11 closing off the

rear of piece 3. A back end piece 13 is attached to the

core 1 about a marginal edge 15 by a snap skirt 17 or

25 other known connection. Core 1 conveniently has a

flattened bottom 19, a pair of spaced apart .rounded

sidewalls 2l1a and 21b and a flattened disk surface 23 for
easy grasp by the user. o '

As shown in Figs. 2, 3, 4 and 8, a disk-shaped or

30 circularly-shaped aerosolizing chamber 25 is formed in the

front wall 27 of core 1 transversely to the air flow,

shown by the arrows in Figs. 2 and 3 existing mouthpiece

9. Chamber 25 is preferably on the order of 13 mm in

. diameter and 3 mm thick, and the ratio of the chamber

35 diameter to chamber thickness (or depth) is preferably

' approximately 4:1. Chamber 25 is bounded at the front by



?ig. 11 is a sectional side view of the dose cartridge t aken al ong

lines 11-11 in Fig. 10; Fig. 12 is a top view of the ring portion
of the w(;,gy,fsggzdge showi ng the apertures for hol ding the PCIEESISOHSIBS
edi ci ne; - Fig. 13 is7a top view of one of -the cover plates shown
in Fig. 10; . Fig. 14 is a top plan view of a second preferred .
efrbodi ment of the invention; 30 Fig. 15 is a section view taken al ong
| ine 15-15 of Fig. 14 Fig. 16/ is a section view taken al ong
line 16-16 of Fi g. ig. 17 is a section view taken al ong
“line 17-17 of 585>°3F1Pg°n 1‘Zf the rearF,caosH;ei a3l ekt i oAt vEBR PaRENR BY éhg

line 18-18 of smootti Gvall¥;29 and ¥Bb8E/ 2B&9Beriphery by a circumferen-
PCT/U895/0459§::L 1 wall 30. 5

An impeller 31, -shown in Figs. 3, 4, 8 and 9 comprises

5. a thin, flat circular plate 33, having a peripheral edge
35. A plurality of short blades 37 extend radially
outwardly from the'peripheral edge 35. The plate 33 is
positioned non-concentric or off-center within the chamber
- 25. As shown in Figs. 4 and 5, the impeller 31 ig
10 positioned below the geometric center of aerosolizing
. chamber 25 toward the lower part of circumferential wall
30. The front surface of the impeller is very close to

the rear wall 11. The impeller 31 is mounted on a central
shaft 39 that extends through a hole 41 formed in rear

15 .chamber wall 39 and arranged for high-speed power rotation
about a fixed axis x-x as shown in Fig.'3. Shaft 39 is
connected to a high-speed electric motor 43 that is driven

by at least one, but preferably a pair of batteries 45.

The batteries 45 are carried in space-apart bores 47a and

20 47b. The aerosolizing chamber 25 is opened and exposed
. for maintenance of cleaning by pivoting the front end

‘piece 3 about pins 7 as shown in Fig. 2.

A plenum or flow path 49 as shown in Figs. 3, 5 and 7,

passes a first throttled stream of air through inner core

25 1 toward mouthpiece 9 for inhalation by the user. The
 flow path 49 includes at least one opening 51 formed in
back end piece 13 for receiving outside air into core 1.
Passage ways 53 aﬁe formed through the inner core 1, in
communication with opening 51, to allow passage of the

30 airstream, shown by arrows in Figs. 2 and 3, through core
1 toward mouthpiece 9. The passageways lead into hollow
front end piece 3. through at least one but prefefably a
plurality of throttling apé:tures 55 formed in rear
¢losure wall 11, as shown. in Fig. 5. The size of aperture

35 51, passage ways 53, and apertures 55 ‘are set to provide
significant resistance to air flow, to throttle the
velocity of said airstream through core 1 and into the



Fig. 19 is a front end view of the enbodi nrent shown in Fig. 14;

Fig. 20 is a rear end view of the enbodi nent shown in Fig. 14; 5
Fig. 21 {w apsfn arged front el evation view of the i MPETIUS95/04598 he
enbodi ment of Fig. Fig. 22 is a section view taken along |ine
22-22 of Fig. 21 Fig. 23 is a top plan view of the assenbl.ed

dose .10 cartridge for use with the enbodi nent of Fig. 14; Fig. 24

is a section view taken along |ine 24- 24 8of Fig. 23; ' Fig. 25 is
a top plan view of the ring portion of the cartri dge of 3 _show n
the apert ur e3seg’ SholMAH 15 dBRER O?Pﬁ?ﬁeBB%\Herreducg PF{:}ch‘éat? a tog

pl an view of nidﬂezeafnt raflge asebliyipactioh FagaiRsti ntleudragra dbp thever

pl at e; user %’ﬁ? a5|de el'evation view of the ring portion - of
Fig. 25; 20 Flg satop pl an view of the inhaler of Fig. 14

with the hold down pesteior | dPppeHeupadn sereasd cfhcritheis divevtedpl &Ses on

the cartrig dg%hogm)%@dthgoaflrbhgs?%ﬁﬂgg o% arRi”aoosf%% %We)éplng throughd- 29

is a side’el evation“view 0 14 sh OWI ng nmoverrent of
the hol d dowaeresslizing chambeg 250ap4 %P%W%Irg?ﬁa g Fiﬁrc&&et :

;:ﬂ] iso'?he?]e t r?raglljé hetio Rakeha®h Etdeahdos CABPR! iTaald Ld hb@wpatllsmdaby f1ow
, prov1d1ng an inlet aperture 59 formed in the rear closure
wall 11 near the center of the impeller 31. An outlet ’
10 aperture 61 is formed in the rear closure wall 11 at the
' top of aerosolizing chamber 25. As the motor 43 drives
the impeller 31 at a high speed, the impeller acts as a ‘
centrifugal air pump drawing air in through ‘the inlet
aperture 59, mixing the air with the full dose of powdered
_15 medicine inside chamber 25 and expelling the air and
medicine as a fine, low-density dry mist out through the
outlet aperture 62. This powder-laden air or mist then
combines with the main throttled stream of air in the
mouthpiece 9 for inhalation by the user. Apertures 59 and
20 61 are sized such that the mist emerges from chamber 25
through aperture 61 at a clinically negligible velocity.
The size of inlet aperture 59 may be set, for example, at
2.4 mm in diameter and the size of outlet aperture 61 may
~ be set, for example, at 1.6 mm in diameter. This low
25 velocity combines with the first throttled airstream to
produce a £fine, low-density dry mist that is easily
- inhaled by the user without forced inhalation. = Because
there is no longer the piercing of a capsule or use of
vacuum or centrifugal force to remove the medicine from
30 the capsule, users need no longer strain to suck the
medicine into their lungs. '

'~ The impeller 31 is rotated by the electric motor 43 at
extremely high speed such as 12,500 rpm. Such a high
speed causes a ‘high velocity-fibw and turbulence of the

'35 powder in the air stream and, with the unbalancing of this
flow, resulting from the_offset_ef impeller 31, causes the °
particles to impact each other and chamber walls 11, 29



?ig. 31 is a top elevation view thereof; 30 Fig.. 32 is a top elevation

. expl oded vi ew of the inhaler of Fig. 14; Fig. 33 is a side

el evati onwoesestdzer eof, in part section; - - Fi g. BaAT/USISHAS8Nd
view of the notor chassis, taken 35 along line 34-34 of Fig. 32;
Fig. 35 is an end view of the housing taken along line 35-35 of Fig..
32; WD 95/ 28192 PCT/ US95/ 04598
6 Fig. 36 is a rear end view of the front cyl i nder. taken al ong

long Tine 838 %0 pogmigyfedand’ dfsdhoidited Ehdh P ot QURRITIICT,
an alternativewore pespilradbdedsizeowgarticheser; This efffignt 3§un:$h@r5| de
el evation vi ewHRRILAhd bPA fc1es S5°bO8Bme intimately mixed with the
| air flow to provide a self-cleanihg action on the walls of
5 the chamber. Because of the offset location of impeller
31 in chamber 25, the high velocity circulatioh-of-air is
at different pressures and velocities at different points

-about chamber 25. ' This effect appears to promote
turbulent mixing of the particles and air and reduces
10 caking of the powdered medicine. As shown in Fig. 5, .

inlet aperture 59 can be placed over a wide area below
-impeller boss 62 but preferably-it is just below boss 62
and above paddles 37 to provide a less restricted entrance-
into chamber 25. Similarly, outlet aperture 62 may be
15  located virtually anywhere above impeller boss 62 but it
is preferred to locate it above paddles 37 and on one side
or the other of the centerline of chamber 25. Should the
user attempt to draw or suck air in through mouthpiece 9
at a high rate, a partial vacuum will be created in inner
20 core 1, however this vacuum would exist over the total
~internal volume of inner do:e 1 so that the centrifugal
pumping action of offset impellér 31 would be unaffected
by the vacuum or by the degree to which the user draws or
. .sucks on mouthpiece 5. .
25 A multi-dosage medicine containing cartridge 63 is
shown in Figs. 10-12 for use in the embodiment of Fig. 1.
':As'shown in Fig. 12, cartridge 63 comprises a relatively
. thin ring 65 of plastic or otherllightweight material
~having a scalloped outer edge 67 and a smooth inner edge
30 69. A series of apértures 71 are formed through ring 65
between outer edge 67 and inner edge 69 receive and hold
-doses of powdered medicine. A pair of cover plates 73a
and 73b having a thin outer flange 75.and outer edge 77
‘and a thicker inner portion 79 are provided to cover both
35 sides of ring 65 as shown in Figs. 10 and 11. A U-shaped
~opening 81 is formed in the flange 75 of each cover plate.
‘The plates placed in faced-together arrangement, as shown



Fig. 40 is a front elevation view thereof; 10 Fig. 41 is a section view”

fragnment of a blister pack; Fig. 42 is an enlarged section view

f r agnenty8bshdiss i nhal er of Figs. 38-40; and FrQT/U885/045982

section V|em1fragnent of anot her not or | ess enbodi nent .- 15 Description ®
of the Preferred Enbodi nents Figs. 1-3 show the overall view of the
first preferred enbodi nent where a hollow front end piece 3 is

pivotally mount ed onto an inner cenflPal core 1 by a pair of tabs 5.

A pair of pins 7 have ends nounted in core 1 for pivoting 20 piece 3

outward and Howhi@r dlir ofPcERBAVichEingo k6 dherebetyeaste 3 Thit | KT a
hol | ow t ubul @dgé&ogtzh igy é\medptecete&—mmatfeorsmtat oEhedaUdpedn owt g ar

wal | 11 cl osi of rear_of -pi ck e pi e |
attached to ‘?‘ﬂ% 67 C8Ee theh FdRS ARr § e&&eb%égbng) snag&s%ﬁ? 947 or
25 ot her kmmmnln@anemtunncoveﬁnpiaﬂesdﬂymnandtVﬁb haxe adigned |ene ened

bot t om 135 " kEc%é ?ﬂeSB%S? %%arsthévﬂf”ﬂ?dpl fbdgéé’ak:hﬁtz%% 'Hi:s’elbof‘”d 2

flattene surface
in Figs. 2, mediicimel eonaaunsﬂ snapes oraps@t@mscaISalelwe&iped:rmarai‘som 2| ng

chanmber 25 'éuﬁ@rnag Wingh®s is frondcedl i;e&zeeﬁ EB{r@r]-Pt xRS VEISedato the
air flow, hown by the arrows.in FEigs. exi s uthplece

9. . Chanber ?33’ s Hresndeih de Hﬁ?stsri‘é’rbts&eﬂ-soﬁoﬁeﬁnﬁ‘ncm’erc? &2r/3hd 3 mm
thick, and tiﬁdr@3b0a@ﬂaééﬁtCBa&bﬁter bore 85. A hollow rivet 87 or

10 other fastening device is installed in the bore to hold
cover plates 73a and 73b_together over ring 65.

A mounting mechanism 89 is provided for mounting ‘
dosage cartridge 63 onto the inner core 1 and for
introducing medicine into aerosolizing chamber 25. The

. 15 mounting mechanism 89, as shown in Figs. 1 and 2, includes
a holdédown.lever 91 pivoted by a pin 93 mounted in back
end piece 13. An open area 95 is formed in core top
surface 23 for receipﬁ of dosage cartridge 63 on a center
peg 97. BAn offset peg 98 extends into a small aperture 99

20 formed through plates 73a and 73b to immobilize cover
plates 73a and 73b. A fastening post 100 containing a
spring loaded ball catch 101 extends from the front end of
hold down lever 91 and is adapted for insértion into a
receiving bore 103 formed in the upper rear portion of
25 front end piece 3. ' :

A medicine-charging plunger 105, with a T-shaped top
bar 106, is recipfocally mounted in a bore 107 'in hold-
down lever 91 and biased upward by a spring 109 against a
stop-llo-fdrmed iﬁ_plunger 105. A medicine-charging chute

30 111 is formed in inner core 1 below plunger 105 and
extends down into the top of aerosolizing chamber 25.
Preferably, the diameter of chute 111 matches the diameter
of aperture 71.

- In use, dosage cartridge 63 is placed on pegs 97 and

35 98 in open area 095. Hold-down lever 91 is pivoted
downwardly to retain the cartridge and lock mouthpiece 9
in its operable closed position. U-shaped openings 81 in



35 diameter to chanber thickness (or depth) is preferably

approximately 4:1. Chanmber 25 is bounded at the front by WO 95/ 28192 -
PCT/ US95/ ¥ipo¥hsioz - : 7 a pPCT/U8"S/04598t he
rear closure wall 11, at the back by a snooth wall 29 and about the
peri phery by a circunferen- - tial wall 30. An inmpeller 31, shown
in Figs. 3, 4, 8 and 9 corrprlses 5 athin, flat circular pl ate 33, having.
a peripheral edge A pI urality oftlshort blades 37 extend radi ally

outwardly fromthe pe e The | ate, 33 positi.o ed '
non- concent ri COfe %f?iﬁg gga\maﬂﬁe 733?‘?1 e®tfa EPmatlc?giY )§§ ign&th B gs.
4 and 5, the mmkld:me-adhasgﬂ;ﬁ)g pobutidgenedi el dvy t hehe e antangementt erobHf

aer osol i zi ng % Orgztﬁltlgmgf%% bg&er Eg)art RLr@EBffﬂﬁﬁe@ﬂﬂbé’@l I

30. The front By SEvery ar wal |
11. The inpel I*utBEt |6l nbanpédfgnahlyemffaet fromhanst39>et1m{ ahitendell

through a hpl ecé’rjpfé’{réﬁg iRt EBRErdace CRARRCENMAlNa3Y i8R0 o MRS dedror
hi gh- speed pomer (%éging outlet 61 becoming jammed with medicine during
. charging. o
A spring-loaded ball 113, shown in Fig. 1, is fqrmed
" in rear end piece 13 so that said ball is biased against'
10.- a scalloped outer edge 67 to prevent unwanted movement of
. 'dosage cartridge ring 65. Ring 65 is.then rotated to
bring a medicine filled aperture 71 into alignment over .
-the chute 111. The charging plunger 105 is pressed
downwardly against the bias from spring 109 to press the
15 full dose of powdered medicine directly into aerosolizing
chamber 25. Thereafter, plunger 105 remains in the chute
111 to form the top portion of circumferential wall 30 of
aerosolizing chamber 25. = The plunger 105 may be held
there, against spring bias by turning the plunger handle
20 -106 under overlying leaves 117 spaced about a hollow area
119 formed 1n the front part of hold down lever 91, as
shown in Fig. 1. _
. An exhalation exclusion system 121 is provided for
- preventing exhalation by the user into the apparatus so
25 that no breath moisture is available to cake the powder.
The exclusion system 121 includes a one-way valve 123 or
flapper hingedly mounted by pin 125 interior of aperture
51 in back end piece 13. A spring 127 is connected to
~ flapper 123 to bias it into a closed position over
30 aperture 51 during all_handling of the apparatus other
than when the user is drawing air in through mouthpiece 9.
.When the user inhales or draws air in through inner core
1, the reduction of internal pressure in core 1 allows
atmospheric pressure on flapper 123 to overcome the bias
35 - of spriﬁg 127 and force it to open to admit air into inner
core 1 to create the first stream of air as.prgvidusly
- described. A normally-opened electric switch 129 is



about a fixed axis x-x as shown in Fig.' 3. Shaft 39 is connected to a

hi gh- speed el ectric notor 43 that is driven by at 1east one, but

pref er ablyy gdpppr of batteries 45. The batteries 45 aRCTHRISN4548 i n
space-apart bores 47a and 20 47b. The aerosolizing chanber 25 is opened
and exposed for mai ntenance of cleaning by pivoting the front end .
‘pi ece 3 about pins 7 as shown in Fig. 2. A plenum or flow path 49
as shown in Figs. 3, 5 and 7, passeslta first throttled streamof air

through inner core 25 1 toward nouthpiece 9 for inhalation by the user. .
The f | owCpaRecEed néoudEdaRPEread 3on@nGpeARE§TSPRRELHEd | RetWeehack

end piece 13eflectraceimstds a8t shdebatteréd o®rthrbugh arPadsegeiwapex53 are
f or med througg t he |nne§ core 1, i i

al | ow passagd>df tHeF aFPsf?@%hlfShsﬂn%%§H§$%g Péggm%%ég.o eg%%ggg%’ ‘e

}hrough1coreenergizadeyibmmmémﬁe£e49.uﬁﬂespa§§aggunyslzéaﬁsinpenhdhlow
thrott!ing  SRePBiFed Zoanit offde vt h 868k Cafdl Buy in(PHEBUGH O
in Fig. 5. Toutdipiecsf %aper inhelssthe agroseddzedy powdergddmggicinees 55-
are set to provi @ge volS@nNbEi RaAY mé&HtHhéHLOin ltheid Woshlg@Wamobitkhrottle
the .vel_ Og.lst >éf(t):fenS glxgrg{ngﬂir g%g‘ﬁk_]r Of@ rha(.:so r]:g»aeeln %n%rlargt%.c}eh%or many |
years to dilute these small volumes with inert filler’
10 materials to increase the overall volume to handleable
sizes, as in aspirin tablets and the like. So too, in thé
field of inhalable powder medicines: there'has been an ! '
established practice of adding inert powders to the
medicine to bring the volume up to a size that can be
.15 efficiently inhaled. -
However, apparently little or no attention has been
paid to the size of particles'of inert powder vis-a-vis
the problem with large particle momentum and cake buildup.
It has now been discovered that mixing a quantity of
20 carefully sized, substantially larger particle inert
powder with virtually any dosage of fine active ingredient
or medicine powder will provide a useful mixture of
particle sizes that will intermix or undergo'comminution
and self-scouring in the aerosolizing chamber. With this
25 mixture, the powder is disaggregated and comminuted into.
small sized particles -able to be swept out of the
aerosolizing chamber first, while the larger particles of
inert material act to scour andf clean the internal
surfaces of the aerosolizing chamber. The ' larger
30 particles thereafter undergo sélf-comminﬁtion and self-
scouring for inhalation by the user. - Because of the low
velocity of airfcoming through the mouthpiece by virtue of
the throttling action of the flow path 49, there
apparently is generally insufficient momentum given to any
35 large particles to cause impaction with the soft moist
tissue of the throat aﬁd larynx. Accordingly, by
providing a diluent in the form of particles of nontoxic
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8 user's nout h. This apparently reduces particulate

nonent um W%me i npacti on agai nst the rear of the USeeT/es9slonseat .
A portion of the main streamof air is diverted, :as ‘5 shown by the arrows
in Figs. 2 and 3, for sweeping through aerosol i zi ng chanmber 25 and
carrying the powdered nedici ne back into the main streamof air. This

i s acconplished by providing an inletlaperture 59 forned in the rear
closure ~ wall 11 near the center of the inpeller 31. An outlet 10
aperture 61 | Substadgeisn SHEDr agrlarkesee WheTe A sabatantial ggpugt of
ﬁer ﬁsol-l z 11 ngt %h@maaﬁ:efén tﬁ? s12e PARYe X ;yq }{:ﬁ%rlon dti%et@&gbhe;:i%legt a

i gh speed, e ippeller acts as, a, centrifugal air punp.drawing air in
Chrough the i ARG Bihe,eFhe, Bedicing ; REving 2iEnad) PAtaala Fidsye 15t
powdered 15 pReiatede dutsicle tiwmndero26]l ipingXxpRanbég, t hetaithsnanding
nmedi ci ne as a,fi.ng,. 4l LEy dry m st..out through the out | et
aperture 6%. 1¥ﬁ?§a&b§¥%ﬁ§ﬁ§ eﬁnaF%ebP%%ﬁgiq ien conbines with the main
throttled stream &f second embodimemtut 290 cod Sthier presenst i bmhalex hdsuser :

fpertures 59 2wt ib by SiLofhy .sucief?ﬂiﬁ%etm Plg8ICigCank" a8 chagber
rough aperture 61 at a clinically negliqi velocity. The
si ze of inIeti&b@#@ﬁ?8°@9hﬁ§yab§°§@tPrfbpuéiaﬂbpg}-atA fropt,eps) phece
di ameter and bloe aitzehef fosht ebf apies thes g YA tapers to a mouthpiece
10 209 having a diameter comfortably accommodated by the
,user’s mouth. The housing 201 has a flat bottom surface
211. ' A back end piece 213 is attached to the rear of the
-housing 201. ' A powdered medicine cartridge 263 is
- pivotally supported on top of the housing 201, with a hold
15 down lever 291 overlying the cartridge 263.
| Referring to Fig. 15, a front c¢ylinder 217 has
- cylindrical walls 221 and a back plate 225 which form a
front chamber 219. A flange 223 extends radially
outwardly from the cylindrical walls 221 just forward of
20 the back plate 225. Countersunk outflow holes 227 pass
'thréugh the back plate 225 with a feather edge or sharp
edge at the rear surface of the back plate. The outflow
“holes 227 are preferably provided in the pattern shown in
Fig. 37. Radial holes 229 extend through the cylindrical
‘25 walls 221 of the front cylinder 217 into the front chamber
7219 just forward of. the outflow holes 227. Preferably,
the radial holes 229 are provided e§ually spaced apart on
the cylinder walls 221. A powder chute 261 extends
‘through the top surface of the housing 201 into the
30 ‘impeller chamber 235. A front air inlet 231 extends
o throﬁgh'-the front end piece 203 into a distribution
chamber 307 formed in between the front end piece 203 and
" the front cylinder 217. L
Referring to Figs. 15, 16 and 17, a motor chassis 205
35 is secured within the housing 201. The motor chassis 205
has two side battery tubes 239 linked to a central motor
" tube 241 by webs 245, as shown in Figs., 32-34. A



be set, for exanple, at 1.6 nmin dianeter. This low 25 velocity

conblnes with the first throttled airstreamto produce a fine,

| ow denswioyosBgibzm st that is easily i nhal ed by the usmC'IWSDﬁw?Sforced
i nhal ati on. Because there is no | onger the piercing of a capsule or
use of vacuum or centrifugal force to renove the nedicine from30 1the
capsul e, users need no longer strain to suck the nmedi cine into their
lungs. vh The inmpeller 31 is rotatéh4by the electric notor 43 at
extrenmely high speed such_.as 12,500, Such a eed cayses a
I Gh el ool t PUFEORLeH Bkl A BRBNY 1R L ooty Rotee3 L SSreadR and,

w th the unbak@&beisnghef balerks end ofl ahe meswxt ichgsisiem2oide of f set of.
| mpel ler 31, caugeq; LCepe o RAIAL £ e |1 dARARE nHEL 94304 5200 EARABE'

wall's 11, 29

PCT/ US95/ 04598thin the forward end of the motor fube 24andasoshgwgomn1nute'

and di saggr egaLe Hﬁ?”‘ﬁﬂt%o%@?'éﬂﬁ$t 2390k teﬁ&éphyaﬂ‘Eﬂézﬁbt&@r§h§'es
This effect . causes t particles to becone intimately m xed
with the through a shaft opening 1n the front wall 247 of the motor

tube 241, and into an 1mpeller chamber 235. An impeller
233 is attached to the motor shaft 237 for rotation within
the impeller chamber 235. As shown in Figs. 21 and 22,
10 the impeller 233 has two oppositely extending tapering
arms forming an equilateral parallelogram. |
The impeller chamber 235 is formed by a front wall 207
of the housing 201, a front rim 208 of the housing around
the front wall 207, and by the back plate 225 of the front
15 cylinder 217, although other'configu:ations are available.
The impeller chamber 235, as shown in Figs. 15 and 16, is
generally a disk-shéped open space. The impeller 233 fits
within the impeller chamber 235 with a minimum clearance
(preferably about 0.2-0.3 mm) both front to back, i.e.,
20 between the back plate 225 and the front wall 207 of the
" housing, and also radially with the length or diameter of
the impeller 233 only slightly less than the diameter of
the rim 208. This relatively close fit of the impeller
within the chamber provides proper mixing interaction of

25 the air and powdered drug. In contrast to the first
embodiment, the impeller 233 is centered in the chamber
235.

Referring to Figs. 16 and 32, the front end piece 203
" has threaded bosses 251 on either side of the mouthpiece

30 209. The front cylihder 217 is attached to the front end
_piece 203 by screws 253  extending through holes in the
flénge 223 and threading into the bosses 251. The screws

253 have shoulder caps 254 which extehd into mounting
slots 249 in the housing 201, as'shown in'Fig 18. The

35 front end piece 203 and the front cylinder 217 can be
~attached to the hou51ng 201 by inserting the shoulder caps
254 through slot holes 250 in the slots 249 and rotating

14



air flowto provide a self-cleaning action on the walls of 5 the chanber.
Because of the offset |ocation of inpeller 31 in chamber 25, the high
vel ocity Woshg@si on of air is at different pressures mwusewwps i es at
different points about ‘chanber 25. This -effect appears to

pronot e turbul ent m xing of the partlcles and air and reduces 10

caki ng of the powdered nedicine. As shown in Fig. 5, I nl et aperture
59 can be pl aced over a wi de area bel ow 15 jnmpeller boss 62 but preferably
it is just beIOM/? ~.and above gaddles 37 to provide a ﬁ
‘restricted enFR&n §ont ePﬁtBlEESHBQF sgrough ppapryteapgle - ap@FF rENB2 may
be 15 | ocat eﬂevetbualéegwmmertm@émvpmﬁ@el tah bessreémbvrd td accebs

preferred to g ;%abovgag%ddI?§537 and on one side or the other of
the centerlin Sf ?RS &F 283MSR6urd>rhe  user attenpt to draw or suck
air in through noGhepcertrddge 268 subpgiitedt ep &opaeti shevhouerngi PPIlbe
created 'ns'nEﬁElﬁﬁegoéecértQQ éeElhg éaxaﬁHUHh§0§h9t86tﬁtrQ&%éstB€5t0t3|

i nternal volune o I nher core he cent uga rTE g actlon
of offset inp@Fl &OYR Wiy Bige @Baf f dpigs or @,qul%u%?ﬁo? ABY

degree to whi ¢hnbheudsanldiawhrdugh tt@fé@r@h.dgéltf\ﬂh 02643 a8 loadéd
nul ti-dosage ggdlClne c néalgln (ﬁgérlqg£k63 IS o, nglgﬁu 10-12
for use in. thé®efnodPheh?CHP ¥4%% %ﬁﬁhm¢thPEV 18€C¢SPEHPlge 63
conprises-a ralabpv@xate 27hiamd iangodit it plaise | 2781 apehatthchetwevelrt
roten) 2 vg, BN by} EAL 0BRSS OUEEE, SR OFafh BN "end"ECRBREST0
edge 67 and. |nagtrgdge @6 3r @gl ko prevent] leakage or contamination of
the powder in the apertures 271, as shown in Flgs 23, 24
and 26. A rivet or other fastener or joint secures the
-~ top and bottom plate over the cartridge ring 264. Anti-

15 1rotation alignment holes 277 extend through the top and
bottom plates 273 and 275. A chute hole 279 in the top
plate 273 and bottom plate 275 is provided so that the

- apertures 271 can be accessed when'brought into alignment
- with the chute 279. , _ _

20 As shown in Figs. 14, 15, 28 and 29, the cartridge 263
is placed on the housing 201 with a spindle 259 extending
upwardly from the housing into the center hole 267 of the
cartridge 263. A peg 269 also extending upwardly from the
housing 201 passes through the peg holes 277 in the top

25 plate 273 and bottom plate 275, to prevent the plates from
turning with the cartridge ring 264. Referring to Fig.

. 28, a ratchet spring 257 on a ratchet support 255 on the
'hou81ng 201 engages the rldges 265 around the perimeter
edge of the cartrldge ring 264, such that the cartridge

30 ring can only be turned in one direction'(i.ew, clockwise

- as viewed in Fig. 28)..

.. A lever frame 283.is:pivotally-attachedeto the'back_
. end piece 213 by a pivot pin 287. A snap 293 releasably
- secures the front of the lever frame 283 to the front end

35 piece. A hold down lever 291 which nests within the lever
frame 283 is also pivotally supported on pin 287. A
piston 289 is pivotally attached to the hold down lever



doses of powdered nedicine. A pair of cover plates 73a and 73b having °

a thin outer flange 75 and outer edge 77 and a thicker inner portion 79
are provwdasnkacover both 35 sides of ring 65 as shown ipgTiis®so04sd® and
11. A U shaped: opening 81 is fornmed in the flange 75 of each cover

pl at e. The plates placed in faced-together arrangenent, as.shown

WD 95/ 28192 PCT/ US95/ 04598

10 in Fig. 11, ‘to sandwi ch ring 65 Xéerebetween. The outer edge
77 is sized to term nate short of scalloped outer edge 67 of the ring

as shown in RP& bvioa pPip Jfped The @iationys283 is @dmgnqﬁ awikh 78heand
73b are allgﬁqugaechﬁteabgqe the other as shown in Fig. 10 so that the
dose of med |C|ge cqontai ned i.n each aperture is exposed, one at _a

time, as ring 65RPEeHEERGed=DefiGdn cdVe@nd a8L: 78R ahBEIOW PRYL A328nt er
gepregzl on ﬁaxt:&nﬁ@r I‘ﬂilhd"du@l‘xC(I\lﬁ bﬁc&i%i?%@.ece_ 200l 73R ofle avapt vlalc-ént er
ore 85. om/rlve ot her fa i evice is nsta in
t he bore ﬁg# separ &at é'lsﬂﬂ?'a PR %%)n%]g%? harrsverP ?ﬂ'dm éSg

in the back end piece 213. An interconnect circuit board

321 extends across the rear end piece 213. The rear
plenum 301:opens into a center plenum 303 through the air
supply hole 311 extending through the partition wall 309..
10 The center plenum 303 leads forward within the housing 201
to two channel slots 305 on the front wall 207 which lead ‘
into the impeller chamber 235. A switch 329 on the one
way valve 323 is electrically linked to the motor 43 and
~ batteries 45 through the circuit board 321 to switch the
15 motor on when the one way valve opens.
In use, a cartridge 263.is loaded onté the inhaler 200
by pivoting the lever frame 283 and hold down lever 291
upwardly, as shown in Fig. 29. The cartridge 263 is
installed on the spindle 259 with the peg 269 passing
20 through the peg holes 277 in the top and bottom plates of
the cartridge 263. The lever frame 283 is pivoted back
onto the housing 201, and the hold down lever 291 is
pivoted down with the piston 289 aligned with an aperture
271 in the cartridge 263. As the hold down lever 291 is
25 pressed down, the piston 289 pushes the powder medication
out of the aperture.271, through the chute 261 and into
the impeller chamber 235. The piston 289 is dimensioned
to closely match the diameter of the apertures 271, to
- . drive virtually all powder out of the aperture. . The
30 piston 289 also extends fully through the chute 261, so
that the full dose from the aperture is pushed entlrely
into the impeller chamber, with wvirtually no powder
remaining in the chute 261. The volume of the dosége is .
very small compared to the volume of the impeller chamber,
35 as shown in the drawings. The inhaler 200 is then ready
for use. | ' |



A nounting nechanism 89 is provided for nounting dosage cartridge 63
onto the inner core 1 and for I ntroduci ng nedicine into

aer osol i ziwgesmeber 25. The 15 nounting nechani sm 89, asPEHUSHSM4S8E gs.
1 and 2, includes -a hol d-down | ever 91 pivoted by a pin 93 nmounted in
back end piece 13. An open area 95 is forned in core top surface
23 for receipt of dosage cartridge 63 on a_center peg 97. An offset peg
98 extends into a small aperture 99 20 f & med t hrough pl ates 73a and 73b

to i Mmobilize cov plateés 73a.and 73 f ast en ost 100
containing a g{)‘?‘? n‘5°?%§8éaC6a?ch&Pch Aaexi'%'fﬂs{:ggo Fﬁesf MMERNd of
hol d down | evexs 9thendisex agdeptiy fiothalesertaoslight gpressumzedyopg dmore

103 formed |n %é%e{nr%ngéﬁFﬁehg&bag 2&3 En%n%o[}'r%%%fgie)dlngly in A

medi ci ne- char gi ng
reci procal l y rﬁimvape ler bghamber |2r35ho|td1e cenmmplen@m 303a8:dhitheed

upward by a5 SF&‘éa{E Q@n&ﬁabfﬁﬁt %hlch ShPe Jaj.lq f&fﬂf%i:ﬁéﬁ.p' um@r rdfucd
nmedi ci ne- charg%r ute, 30 1 formed in inner core bel ow Iun er 105

and exten ecﬁﬁHF‘-‘r R '{-an% F%ﬁroPlﬁéPBsépF-zFﬁglséﬁar%‘@r o wa
Preferably, t rnezzdla@rebpénof c(llaish.exglilthefméﬁmt3129dl anat emerglztihganﬁ:é ure

Zéen area 95 %Oﬂg% %Pse%lf“ 63‘-1 7 Iac&ds%% Raeg"qr%a%:%st
cartridge and wmnmmhmplmlner chamber 2 3petwibich cnlsnsm:dv rimaded)ma.th
U-shaped openidgfdil df' medicine powder), air flows into the inhaler 200
from the inflow port 325 through the rear plenum 301,

forward through air supply hole 311 into the center plenum

. 303, through the channels 305 and into the impeller

- chamber 235, as schematically-illustrated in Figs. 30 and

15 31. The airflow also pfevents powder from flowing into

the motor. _

The impeller spinning at approximately 14,000 rpm

efficiently mixes the'powder.with the air flowing through

the impeller chamber. Referring still to Figs. 30 and 31,

20 - powder-laden air passes out of the impeller chamber 235

through the outflow holes 227 and into the front chamber

219. The sharp edges on the outflow holes 227 facing the

impeller chamber substantially prevent a buildup of powder

in the holes, to prevent clogging. Outside air enters

25 into the distribution chamber 307 through the front air

- inlet 231 which may be adjustable or varied in size to

increase or decrease air flow for enhanced delivery

.efficiency.. From the distribution chamber 307, the

~ outside air passes radially inwardly through radial holes

30 . 229 which restrict flow by design. The outside air is
intended to provide a boundary layer for the powder-laden

air in the front chamber 219. The powder-laden air

surrounded by the boundary layer of outside air is drawn

- . out of the front chamber 219 into the user’s mouth, throat

'35  and lungs, to deliver the powdered drug. - The boundary

: léyer'helps to keep powdered drug from accumulating or

collecting on- the inside walls of the mouthpiece and is
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A spring-loaded ball 383, shown in Fig. 1, is forned

i ece 13 so {hat i d ||
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105
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106 under ov&f lpyi#g drgaves. 117 spaced about a hollow area

The inhaler 200, like the inhaler shown in Flg 1,

produces a slow moving aerosol mist of fine powder that -

can be easily and safely inhaled deep into the lungs to
maximize the actual delivered dosage and effect of the
drug. Unlike many prior inhalers, the present inhaler
does not require excessive or deep inhalation to achieve
drug delivery. Accordingly, the user’s lung function is
not nearly so important as in the prior art. The present
inhaler is therefore highly advantageous - for use by
persons with impaired lung function.

In addition, exhalation into the inhaler 200 is
prevented as the one way valve 323 closes with only a
slight pressure rise in the rear plenum 301. If the user
coughs or blows into the inhaler 200, some of the moisture
laden breath will exhaust out in part through the front
air inlet 231 but will not appreciably reach into the
impeller chamber, absent repeated or excessive exhalation
into the inhaler.

The present inhaler may include design’ features

provided by the recognition that different-powdered“drugs-

have different characteristics. Powdered mixtures of
drugs have varYing particle sizes -and distributionms,
densities, cohesiveness (the tendency £for the drug
particles to stick to themselves) and adhesiveness (the
tendency for the drug particles to stick to surfaces of
the inhaler). Thus, for increased deliVery efficiency,
the flow parameters of the inhaler should advantageously
be adjusted for the specific drug being delivered. These
adjustments can be made by adjusting the rotation speed of

the impeller 233, and by varying the air flow through the.



119 forned in the front part of hold down | ever 91, as shown in Fig. 1.

An exhal ation excl usion system 121 is provided for preventi ng

exhal ati ogygookdgigy user into the apparatus so 25 that no brecatisesmusssure is
avai |l able to cake the powder. The excl usion system 121 includes a
one-way val ve 123 or fl apper hingedly nounted by pin 125 interior of.
aperture 51 in back end piece 13. A spring 127 is connected to

flapper 123 to bias it into a closed positPon over 30 aperture 51 during
all handling of the apparatus other © than when the user is drawing air

in through nodf®§ild@ ochambeppen {The BEF ifHoH eshspughavishar Ampeldiftough
inner core  chhmbdie d=ofled ichtdolildEiala 1agU? dlalokpektaireon7

at nospheric pr.essure .on flapper 123.to Oﬁercone %gﬁ igas 35 . of sgrin 127
and force it COFTATIY L (eGFFaPLES FRfePl2e Portha PBRIBG: 8%t F&S i r st
stream of air ady ppuppbpshgle 3ldlescrAliedrnatiAalyr nithé yabpesagpiiyedialiec
switch 129

PCT/ USO5/ 02?'535111 caM\Db%Slgﬁ&gﬁed or drilled_oui:2 to a specific size
. dedicated to a specific drug. Consequently, the inhaler
is advantageously provided with speed setting or adjusting
circuitry for the motor and an air flow control aperture
or air supply hole size matched to the characteristics of
10 - the drug that the inhaler will deliver. '
Electrical wiring in these drawings has not been shown
for clarity as such wiring is already known in the prior
. art. The drawings show the preferred sizes of the
~ features of the inhaler. '
15 1_ An alternative inhaler embodiment 401, as shown in
Figs. 38-42, has a housing 403 with a preferably oval
. mouthpiece 405. An aerosolizing chamber 407 is formed
- between a front wall 408 and a very thin rear wall 409 of
the housing 403. An impeller 411 is rotatably mounted on
20 a pin 413 supported by bearings or bushings 415 in thé
front and rear walls, to rotate within the aerosolizing
chamber 407. Sector  shaped exit ports 417 around the
- bushing 415 in the front walls pass through the front wall
408. Radial inlets 425 pass through the housing 403 and
25 enter substantially tangentially into the aerosolizing
chamber 407. A loading hole 419 passes through the rear
wall 409 of the housing 403 into the aerosolizing chamber
407. ' -
_ A blister pack 421 is pivotally supported on a hub 423
30 extending from the rear wall 409 of the housing 403. The
. blister pack 421 has a plurality of equally spaced apait:
blisters 422 holding a powdered drug mixture. The top =&
back of the blister 422 is a domed or dished concave metal
: foil,_plaétic, etc. surface. The bottom surface of the
35. blister is formed by a folded pull tab 426. The pull tab
' 426 seals the powdered drug within' the blister.
Preferably, the pull tab 426 is bent back anq_over the



connected to flapper 123 and interconnected between el ectric notor 43
and batteries 45 through an el ectric box 131, formed in core 1, to

i nsure t&:ﬁtgs gr 43 is not energi zed by batteries 45 perhusssodsbapper
123 i s opené 5 Fl apper 123 will open when the user draws air in through °
mout hpi ece 9 to I nhal e the aerosolized powdered nedi ci ne. The

vol ume of many nedicines, in their dosage anounts, - is often extrenely
small. It has been a practice for many 20 years to dilute these snal
volumes with inert filler 10 materials to increase the overall volune to
handl eabl e blisters, axsl i hsadpgicked ttdl dhe divbt hE Ithe. bEbstes; i nAthe

field of i nhgggpbﬁtpafgﬁrm@%&yrﬁé pfchﬁ.rcfech%% heRNakk or E8pabEi ehed

practice of i nert ers medicine to bring the volunme up
to a size th]a%lﬁﬁﬁrbea‘fs EPf pLient H‘r Fﬁhla?‘é%ler maintaliphed FRapy ardnt | y
little or noagigﬁménen has been paid to the size of - partlcles of "inert

wd h |
ui dup, & 1t Ras R BRE P LSRR AR Pk TR FeRGEE G UnE Ly RFT o6
careful |y siakilgnsabblaateal 432 wigbrtherloadengnkole 419 powtlbigmment

virtually anedesags: of [ARAC hto 0" edoikea +O sapdnaicapouley W I

pr ovi de a use ure Sl Zes term

under go conmhhighoent. dFke séﬁﬁrsddif-rﬁ%guﬁ’ nthee mﬁrlos‘é?bzﬁﬁé Qfan®lee. Wt h
ts .'"deZSar[”. élﬁgiﬁtgil;rgz@%%s o ‘Bx%’eggrt@@tt%@kanﬁnﬁor@bnﬂhéél tHéOpullﬁ ?‘m mal |
first, pmh?le ?FeQ¥%ﬁﬁﬁs[ﬁﬁ$+%i£ep89twarq Wert Tﬁﬁtémi;rgg tIZIn éﬁgurer
and cl ean tpellédl epesling back the folded bottom surface and opening ‘
- the blister into the loading hole. Some of the powdered
drug contents of the blister falls into the aerosolizing
chamber 407 via the loading hole 419. To éomplete the
15 delivery of the blister contents 427, the user presses the
blister 422 inwardly, e.g., with the user’s finger,
causing the blister to snap over to an inverted convex
‘position. This movement causes any remaining blister
contents 427 to be expelled through the loading hole 429
20 and into the aerosolizing chamber 407. With the dose
- delivered to the chamber 407, the user inhales from the
mouthpiece 405. The inhalation draws air into the radial
inlets 425 which pushes against the impeller 411 and exits
-the aerosolizing chamber 407 through the exit ports 417.
25 The impeller 411 is precisely positioned within the
aerosolizing chamber 407 with only a very small clearance
gap between the impeller 411 and-theffront wall 408, rear
‘wall 409 and the circumferential wall 6f the housing 403.
The inhalation driven impeller 411 spins at high speed
30 within the aerosolizing chamber 407 mixing the powdered
drug mixture with air, and the drug laden air passes out
of the exit ports 417 and into the user’s mouth, throat
and lungs. In the figures, the spaciag between the
impeller 411 and chamber walls, and the rear chamber wall
35 thickness, are'exaggerated, and several of the pull tabs
are omitted, for clarity of illustration. .



surfaces of the aerosolizing chanber. The larger 30 particles

t hereafter undergo sel f-comm nution and self- scouring for inhalation
by the useipesBepause of the | ow vel ocity of air com ngPCTIUSHSPHS98he
frout hpi ece by virtue of ~ the throttling action of the flow path
49, there apparently is generally insufficient nmonentum given to any
35 large particles to cause inpaction mnth the soft noi st ti ssue of
the throat and I|arynx. Accor di ngly,? 21l py prOV|d|ng a diluent in
the formof partigles.of Qontox c WD 95/ 2819 '
PCT/ US95/ 04598 aler 401-has no motor or PS‘ternalsQS’?Fé"n§8§r°§uch as

| act ose, wher ghe simsédbéral4lanotst dfiven udj»em:hee uger’he dnhelasdga.of 50
m cron di amet rticl nd her [ ne,_,havi S I
BorBAchiebrdy, 4 ndallgher,od hempdioLne. avi piog STk

particle size, TS out I'ZI Ng C
not wi t hst andi ngdesemencgl oﬁuhh@lualgoverdd:@crmwumodments AHoweyed .

enbodi ment g20Q paf ptcli%nﬂtrfa‘ie@of mﬁ{g ' 5%800@ +8aFaddg ddaddir is
Referring to Figs” 14 and ﬁas a core or housing
201. A front PERESHtece In addltlon, the motorless embodiment 401 is
compact, lightweight, simple in design, and requires no
batteries or external power source.
The device 401 may advantageously be made as an
10 inexpensive disposable unit which is discarded after all
of the blisters on the blister pack have been used.
Similarly, the impeller 411 in the embodiment shown in
Figs. 38-42, may be omitted, leaving all powdered drug/air
mixing to the air flow characteristics and turbulence
15 generated within the aerosolizing chamber by the air
flowing through it upon inhalation. However, such an
impellorless embodiment is less preferred, as the benefits
of the mixing action of the impeller are not achieved.
In another motorless inhaler shown in Fig. 43, the
20 rear wall 409, loading hole 419 and hub 23 are omitted,
and the blister pack 421 itself is permanently attached or
bonded to and forms the back wall of the housing. In this
embodiment, the blisters are simply sequentially peeled
open in use, and the powdered drug is ejected directly
25 into the aerosclizing chamber. The impeller may be
scalloped for clearance over inverted blisters. The other
design features of this emboZiment may be similar to those
shown in Fig. 42.
Likewise, the embodiments shown in Figs. 3 and 30 may
30 be simplified by rembval of the wmotor, batteries and
impeller, with the air flow through the aerosolizing
éhamber, upon'the user’s inhalation, providing the only
drug/air-mixing action. Alternatively, a propeller or
~ paddlewheel may be used, without a motor, and with
35 reoriented air entry ports to add mechanical mixing.
While the invention has been deséribed with reference
to pafticular embodiments, those skilled in the art will



203 at the front of the housing 201 tapers to a nouthpiece 10 . 209 having a
di aneter confortably acconmmobdated by the user's nouth. The housing 201
has a flwip 98@sioem surface 211. A back end piece 213 i PCIUSIPBEB t o t he
rear of the housi ng 201. A powdered nedicine cartridge 263 is

pivotally supported on top of the housing 201, with a hold 15 down |ever .

- +291 overlying the cartridge 263. Referring to Fig. 15, a front

cylinder 217 has cylindrical walls 351 and a back pl ate 225 which form

a front _ chanher [ 219. A _1lange 23, _extend radi al | .
utvar dl v § B SRS F6 kel VaRA S S898E BAPSE bPRR, Goh i SPRSTIRER ol ate
225. Count eesbolimentisowitiest 2@8pansing fromr chgh spheritacdng| acepe2s
ith feath . . at fag
blate: The olfFFset-" TEE g1 EE°LR, ke i wEll BE8otaphBeciBEe |

shown in thr§. Brioymdfeprtusees desrrdhathdinhcongectionc it PR&I 25
wal I's 22150f ofigdhimant Gy NBEr vkl igdgatdwely o8t Ghardsibinat 20 prst
forward of the outflow hql'es 227. Preferably, the radial holes 229 are
provi ded equrEReEpEPOREPFEAL-on  the cylinder walls 221. A powder
chute 261 extends through the top surface of the housing 201 into the
30 inpeller chanmber 235. Afront air inlet 231 extends . through the
front end piece 203 into a distribution - chanmber 307 fornmed in between
the front end piece 203 and the front cylinder 217. Referring
to Figs. 15, 16 and 17, a notor chassis 205 35 is secured within the
housing 201. The notor chassis 205 has two side battery tubes 239
linked to a central notor :



tube 241 by webs 245, as shown in Figs. 32-34. A WD 95/ 28192

PCT/ US95/ 04598 14 partition wall- 309
havi ng arweiosrsteppl y hol e 311 extends across the back @FIUSPSP4%E8 npt or
chassi-s 205. - A high speed mniature electric notor 243 is contained

within the forward end of the notor tube 241, as shownTnm 5 Fig. 16. A

not or shaft 237 extends fromthe notor 243 t hrough a ' '
the front- wall 247 of the notor t ube 22_”41 and into a &llfﬂmwmr
235. An |npeléfrl g 233 is attached to the notor shaft L

W t hin I'l er chamber 235. As shown in Figs. 21 and 22, 10 the
i npel | er 233 has iwo opppeiwderyishededi rgmpapeingg arns form ng an
equi | at er al paralgehgggﬁ . The inpeller chanber 235 is fornmed by a
front wall 207 e ﬁou3|ng 201, a front rim 208 of the housing
ar ound the fr8nPi%apg ghambggdwhihiRe thackoysargi22s of the front 15
cyl i nder 247, aItaomghtnbmeeecgﬁftggrﬁbhgaggare avai |l abl e. The i npel |l er
chanmber 235, as shomm i ig% 15 %p i S , '
urality entry passageways extending
substantially tangentially through the houSLng into the
- mixing chamber; '
an exit passageway extending from the mixing chamber °
10 towards the mouthpiece; and
] means - for introducing a powder into the mixing
chamber. :

- 2. . The powder inhaler of c1a1m 1 further comprising
an lmpeller rotatably mounted within the mixing chamber.

15 3. The powder inhaler of claim 1 wherein the means
for introducing comprises a plunger and a loading opening
in the housing.

4, The powder. inhaler of claim 1 further comprising
a cassette for carrying powdered drug, rotatably attached
20 to the housing. '

5. A powder inhaler comprising:
a housing; .
a mixing chamber within the housing;
. a front cylinder attached to-thelhousing and including
'25 a cylinder chamber; .
a first plurality of openings extendlng between the
m1x1ng chamber and the cyllnder chamber;
an air plenum extending at least partially through the
housing to the mixing chamber,
30 ‘a second plural:.ty of ‘openings extend:.ng radially
through the front cylinder; and
means. for introduéing a powder into the mixing
chamber. '
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“in the slots 249 and rotat| ng V\D 95/28192

general |y a di sk-shaped open space: TheinpeH-er 233 fits wi thin the
I npel I er chanber 235 with a n1n| (preferably about 0.2-0.3
mm) bot hwao esis19d back, i.e. ﬂ!’m wmm& ﬂan pl at e ZEGI/ESA3/04598 front
wal | 207 of the housi ng, "and th the length or dianeter
of the inpeller 233 only sllghtlylessthanthe di anet er of the.rim

208.  This relatively close fit of the |n£>eller w thin the chanber
provi des proper m xing interaction of 254 the air and powdered drug. In

chanber 235, ¢ " The (NEITC0t coldin’ SlBurthes ) oRRELATER: Sothdi oce

203 has ayadddehedsdin?Eheoniri p]henum teo greventmbadipifdes From209.
The front cyl t QPiece 203 by screws
253 ext endi néﬁ{%eCr I%h]rz%éoﬁses |“ﬁ§étlﬁdlﬁ& ?Fea %Qg}lﬁ%r ‘eading into the
bosses 251. The screws 253 have shoulder caps 254 which extend into
nount i ng sl ots, 249Hd tihdahewsi 88 %OLJalﬁSssh@M&harFl&mﬁﬁm € z35
front end |ece 03 and the front cyI ner 217c n be - attached to the
housi ng 2 9% tttr?é’l'éeﬁg té’gl?

t hrough sl ot hol es 250 -

PCT/ US95/ 04598 8. The inhaler of claim 2 further comprising a mixer

in the mixing chamber.

9. The inhaler of claim 8 further comprising a motor ‘
for spinning the mixer.

10 - 10. The inhaler of claim 5 wherein the first
plurality of openings have sharp edges open::.ng into the
mixing chamber.

11. The inhaler of claim 5 wherein the air plenum
leads into a central area of the mixing chamber.

15 12. The inhaler of claim 5 wherein the means for
introducing comprises: '
a chute extending through the hbusing into the mixing
chamber;
a cartr:.dge rotatably mounted on the hous:.ng and
20 having a plurality of powder f:.lled apertures alignable
~ over the chute; and
a piston displaceable through an aperture and the
chute, to push powder from the aperture through the chute
and into .the mixing chamber. '

25 '13. " The inhaler of claim 2 further comprising means
for controlling air flow through the mixing chamber.

14. The :thaler of clalm 13 wherein the means for
controll:.ng comprlses a variable aperture. '
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1% the front end piece 203 through an acute angle. Wth the

reverse sequence, these pieces can be renoved to access the inpeller
chanber 23WO095/28192. The cartridge 263 supported on top of tpggniospiseg 201
5 includes a cartridge ring 264 having sawtooth ridges 265, as shown in
Fig. 25. Holes or apertures 271 extending | ongi tudi nally through the
cartridge ring 264 are | oaded (e.q. t factory or pharmacy) with dry
powder medi cati on. A top plate 273 a’nz 4 Bottom %I afl@275 are attached
over 10 and under the gagtridge ring 264, to formfd 166

cartridge 263 and to pre ent5i eakage or contam natlon o\ (e t he povvd&9| n
the apertures 271, asasfio n {iy@s. 23, 24 2 S D

fastener or joint e i of0
ring 264. Anti - atilo 2| O ol es 277,
bottom pl al,gs ? 3 d,r~2 16 279106/ '
bot t om pl af=2 3’ 9Py i \\

when brought i ol i : ﬁﬁ@b

Figs. 14, 157 %

with a spi

t he hogiﬁ

hol e 267 o
273 and bott
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tafning with the cartridge ring 264. Referring to Fig. 28, a ratchet
spring 257 on a ratchet support 255 on the housi ng 201 engages the

ridges 265 V@ 8%2/192 he perineter edge of the cartridge ripgresssossugch
that the cartridge 30 ring can only be turﬁqp fq%one direction (i.e.

cl pckw se as viemed#é% Fig. 28). A Ivever frane 283. is- )
pivotally attached to t baek end piece 213 by pi vot pIME287. A snap
293 releasably Se@yres LA, the |ev s

end 35 piece. A hol prl | e &hi ch nesfs

frame 283 is al so pi yatad L ngdn 287.
pivotal ly attached t[ R | T

PCT/ US95/ 04598 1
The piston 289 is
to Figs. 30 and 31}
pi ece 213. Ao ways
pl enum 308 2ia AN

79 85 73a 75
77 65\ 871 83 ¢

lam;§§§$§x‘<§&®ﬁbﬁﬁ4
7 Wy 7

75" (FIG. 117

77 73b




in the back end piece 213. An interconnect circuit board 321 extends
across the rear end piece 213. The rear pl enum 301 opens into a .
center pl eWA5#8W2t hr ough the air y hole 311 ext endOTSINOHIZh t he .
partition wall 309. 10 The center pIenunE5631I5ads forward within the

housing 201 . to two channel sl ot «/30%—omthe front wall 207 which | ead
into the inpeller chanber Z%QA switch 329 on %fo way val ve 323 is
electrically linked to the 43 and es 45 through the

circuit board 321 to switch thell5 notEr_of mhen the off#fway val ve opens.

In use, a cartridge 263 is |oad 0 0 by pivoting the
| ever franme 283 and hol d down |&ver R9 R d y, s shown in Fig. 29.
The cartridge 263 is . installed op tjle spindje R59 wiYh the peg 269

d bottom pl at es of

)
passi ng 20 through the peg hgles 277 iff the top a
D] —~ _aonto the

the cartridge 263. The 39 r [frame 1L S—pi

housi ng 201, and the hol | everd 291 i s (joted Ho@wW th the
pi ston 289 aligned with an apqrt ug®”: 2] +n{ thefNartr] dge 263. As the
hol d down | ever 291 is 25 prdgss C,omﬁ: tHe p|3tdnyRG9 pushes the powder
medi cat i on out of the gpelt g) 1, |[thrjough tN& gYwte 261 and into

= b

the inpeller chanber 2? The [pifstof 289 i g direng\gm™ ;_&g?? cl osel y
mat ch the dianeter of t é ag 1271 ra drfi V& ATr t y all powder
out of the aperture. The 30 rstign 2$9\9Iéo e fully through thé

chute 261, so that t Rézf ul]l d from t[he pper ﬂﬁ is pthed entirely
into the inpeller chamber,j w §h\xiaual Iy no med [~ ning in the
chute 261. The vol ung/gf rt he [doxgWq is| () e }Jﬂ

”

[y e

L7

209
209
AG =
AZL7 LT ”3 257 249
275 29 249 29/ 787
27 Ve /. /
217~ g7k .
M_zz&:-\le—; 205 & 243
s g | < e A
V7 ’,,\,,,,,,,,,,,,,,\\

203" 29/ 229 295 207 gp



very small conpared to the volune of the inpeller chanber, 35 as shown in

the drawi ngs. The inhaler 200 is then ready for use. WO 95/ 28192
PCT/ US95/ OMO9828192 17 PCT895104598hpi ece
209 is placed into the user's nouth. 4f\s?the user gently inhales, a
slight pressure drop is Xy ed in the front chanber 219, and
correspondingly in tl%‘?ni | e. 8Ot er pl enum 303 and
the 5 rear plenum 301 nn &gced
pressure in the rear plenum ses ne 323 to open,
closing the switch 329, and yng L ne T . As the notor
turns and spins the inpell efyR33---A—within the || opel] chanber 235 (which
is now | oaded with 10 a do % i ¢ ne powder), alrfylows into the
i nhal er 200 fromthe in E PS5 thr gyl t he rjgar pl enum 301,
forward through air supply e 3115i [0 the @Belt er -pliignum 303, through
the channels 305 and into t I nmpel ge; ch er 23 as schematically
illustrated in Figs. 30 and é 2 . 24/
4 Y
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15 31. The airflow al so prevents powder fromflow ng into t he notor.

The inpeller spinning at approxi mately 14,000 rpm efficiently m xes the
pawder wi t W?.ﬁ@s&% f1 owi ng through the inpel |l er chamberpcrRu$esrasasg
still to Figs. 30 and 31, 20 powder-l|aden air passes out of the inpeller
chanber 235 t hrough the outfl ow hol e Zg-?nd into the front chanber
219. The sharp edges on the outfl ow hole ‘facing the i npel | er
chanmber substantially prevent a buildup of powder - in the holes, to
prevent- cl oggi ng. Qutside air enters 25 #nto the distribution chanber
307 through the front a|r inlet 231 which may be adjustable or varied
in size to : ~¥=¥- Jecrease air flow for enhanced delivery
ef ficiency. N i bution chanmber 307, ) gtside air
passes radi fiT P 7 obghiadi al holes 30 2 ich re¢sthict flow
by design.. i ntended to prefide_a pounda éﬁf
for the powder-| adep Y N front chanb ) ers aden - .
air surfr ounded pundary \l ayer of ou si@ébair i s-.drawn ut of
t he front : he user] s mouth, throat~35 sand Nungs>=y
deliver th undary dyer helb jkeep pomd r ed
drug from aogunul at INg cting on th nsi of\the
nout hpi ece and \k‘*’ﬂ ----- /
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WO 95/ 28192 _ PCT/ US95/ 04598

18 al so believed to help to prevent the powder fromsettling out
in the user¥OM5#8M2and throat. When the user stops i nhalPCHgISos/usos al ve
323 cl oses opening the swtch 329 and sﬁgpai the motor. The inhaler
accordingly is breadth 5 actuated. Since t al*ve 323 opens with even a
sl i ght press@/.drop ] ApGuires only slight inhalation )
to turn on. %5541 ' i ke the inhaler showmn in Fig. 1,
produces a s fine powder that 10 can be easily
and safely i o] ' he actual delivered
dosage and ef ke many pri‘or rnhalers, the present
i nhal er deep inhal ation to achi eve

drug deliverg q function is 15 not nearly so

' i'nhal er is therefore highly
jpai red | ung function. I n
) 1] prevented as the one way
val ve 323 chHps= dgure rise in the rear plenum
301. If the e inhal er 200, sone of the

noi st ure n part through the front

* Yol C ey
e dr ugs ‘ﬁ@’
‘require excessNhie

AL 29,

N A



air inlet 231 but will not appreciably reach into the I mpel | er chanber,

absent repeated or excessive exhalation 25 into the inhaler. The
present iwoadsesiozay i ncl ude design features provi ded byCIAE95/64588ni ti on
that different powdered drugs have 4ifferent characteristics. '
Powder ed m xtures of drugs have'vaﬁ&/nd garticle si zes and

dirstributions, 30 densities, cohesivenes gg ?py for the drug
particles to stick to thensel e §'he - tendency for
the drug particles to stick tg hal er). Thus, for

I ncreased delivery efficiency g/ ar-gpyens of the inhaler
shoul d advant ageously 35 be i ficl drug being delivered
These adj ust mrents can be[friéé & 9t at i on speed of

the inpeller 233, and by varyi = W oughy t he WO 95/ 28192
PCT/ US95/ 04598 - N | inmpeller chanber.

The air flow through the inp

controll ed by a slide
or dial aperture 327 '




I ncreasi ng or decreasing the size of the opening of the air supply hole
311. Alternatively the air supply hole 5 311 can be punched or drilled
out to a SPEEIFIBLIsS| ze dedi cated to a specific drug. Cornmemusesiobss t he
i nhal er i s advant ageously provided with speed setting or adjusting
cigcuitry for the nmotor and an air flow gohty{@ aperture or air supply
hol e size matched to the characteristics of 10 the drug that the inhaler
will deliver. ' Electrical wiring in these draw ngs has not been
shown for clarity as such mnrlng is already known in the prior art.
The draw ngs show the preferTpd—srzes—ef—+the featl ‘of the inhaler.
15 An alternative inhgler enbodi shown {in Figs. 38-42,
has a housing 403 with a prefefabl C)C) i ecg 405. \ An
aerosol i zi ng chanber 407/i s [ t wall 498 and a very
thin rear wall 409 t he housing 403. An T npelTer [#Frr—Ts¢\rot at abl y
mounted on 20 a pijn 413 [supported ﬁi:bearkﬁgs—eﬁ—bus : 5Lin the

front and rear wall{s, tofrotate w € aerosotizimg er 407.
Sect or shaped—exit [ports[Zat7 q:E%nd t he bushi ng 415 in thg]lflront walls
pass through-the front 08. Radial inlets 425 pass |t

housi ng 403 and 25 |
chanber 407. A | oad

|1y tangentially into t} erosol i zi ng

ing hql e 419 pasSes theough The re | 409 of the

Zi ng chanber 407. A hlister pack
, 270 e rear wall
i 403 |
%7 ( [/ ] oN\_ 427
| T
7/9 ° : |
T - ‘f =
A 23
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bl i ster pack 421 has a plurality of equally spaced apart blisters 422
hol ding a powdered drug m xture. The top or back of the blister 422 is
a domed or WR%R8W2concave netal = foil, plastic, etc. sur REFAISISHIRIS
bottom surface of the 35 blister is fo@ngdjl® a folded pull tab 426. The
pulll tab =~ 426 seals the powdered drug wthin the blister. L

Preferably, the pull tab 426 | “““¥?$§§axo over the WD 95/ 28192
PCT/ US95/ 04598 @ %\\\\ 20 blister, and is

tacked to the top of the bli A Sjort di sk 420 nay be provi ded
on the back or top of the blisteripack to allow it to better maintain
Its shape and alignnment. 5 I se, the blister pack 421 is rotated
by the user to align a blisterj42 ith the | oading hole 419. Alignnent
mar ks or a detent may be provi deJE-'_to Tafillitate this alignnment. The
user lifts up the pull tab 42%‘01 tlhe Hobister 422 so as to break the
tack, and, so that the pull 1 fiag extpnfys radially outwardly. The pull

tab is then

- -
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pul | ed, peeling back the folded bottom surface and openi ng the blister
into the Iﬁﬁgg}ﬁl‘hol e. Sone of the powdered drug contents of the
bl.ister fa ¥ the aerosol i zi ng chanber 407 vi a t he RGITAENNH4598| e
419. To conplete the 15 delivery of, the, bl Lster contents 427, the user
presses the blister 422 inwardly] 043 with the user's finger,
causing the blister to snap over to an E@ﬁzzZEg;convex position. ~This
novenent causes any renai ning blister, s 427 to be expelled
t hrough the | oadi ng hol e 429 20 gpq%;;. hosolizing chanber 407.
Wth the dose delivered-to frartper—¢@071+the user inhales fromthe
nout hpi ece 405. The inhalaggzﬁ/ﬁgyﬁg aif inEo he radi al inlets 425
whi ch pushes agai nst the i |1 gr B11 apd exit t he aerosolizing
chanber 407 through the ex|t] por[ts] 417.] 25 The inpeller 411 is
precisely positioned withip fhe aerpsolji zi ng chanber 407 with only a
very small cl earance gpp| betjween the inpelller 411 and the front wall
408, rear - wall 409 and]the di rcunfefentfial jwall of the housing 4083.
The inhal ation driven inpe|lgr_411 spins at hi&h speed 30 wthin the
aerosol i zing chanber 407 nm i ng {t hie poqdered *drug m xture with air, and

u h

f

(N r+ -

O

the drug | aden air passes t of thle eqit ports 417 and into the user's
nout h, throat and | ung - IIn tthe fjigurles, | the spacing between the
i mpel ler 411 and chanber wetit=sg [and the redr chanber wall 35 thickness,”

L =g "

are exaggerated, and sever f {the pul]l t3bs are omtted, for clarity
of illustration. ~ﬂ=rj
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21 The inhal er 401 has no notor or external power source. The
i mpel | er A%dos/izsidzi ven by the user's inhalation. Conseqremisys/04598 does
not achieve the flowrate indepefdfqpek f the above-descri bed '
enbodi nents. However, 5 the potent fo n1X|ng of the powdered drug and
air is present. |In addityu=the weodi ment 401 is

conpact, |ightweight, sinple/ihn | gnscamely u ﬁl batteries or
external power source. T . wféds| y be made as
an 10 i nexpensive di sposabl e gfter all of the
blisters on the blister pack Simlarly, the

inpel ler 411 in the embodi menky 742, may be onmtted,

| eaving all powdered drug/air o flow characteristics
and turbulence 15 generated within the aerosoI|Z|ng chanmber by the air

flowi ng through it upon inhal ation. wever, such an i npel | orl ess
enbodi ment is |less preferred, as th 267 | of the m xing action of
the inpeller are not achieved. In anot her notorless inhal er shown

in Fig. 43, the
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70 rear wall 409, |oading hole 419 and hub 23 are onitted, and the

blister pack 421 itself is permanently attached or bonded to and forns

t he back wlQ9¥¥8192he housing. In this enbodi ment, the bIBCIES9S5/04598
sinply sequentially peel ed open qnzu;ej nd the powdered drug is

ejected directly 25 into the aerosoliZing chanber. = The inpeller may be -
scal | oped for clearance over inverted blisters. The other desi gn
features of this enbodinment may be simlar to those shown in Fig. 42.

Li kew se, the enbodi ments shown in Figs 3 and 30 may 30 be sinplified by
renoval of the notor, batteries and inpeller, wth the air flow

t hrough the aerosolizing e Jpon the user's inhalation, providing-
the only drug/air m xi ng”acth ™ ernatively, a propeller or

Qnd wi th 35 reoriented air entry

e the iQyention has been
podi Mg s, those skilled in

paddl ewheel may be usgd, w

ports.to add mechani fh x1
described with referehcg
the art will . VO 9
PCT/ US95/ 04598

“Fig. 41



bé able to make various nodifications to the described enbodi nent s

A

W t hout departing fromthe spirit and scope thereof. Those skilled in
the art w WOa%292ppr eci ate t hat various features descrpfisisivgses _
connection with one 5 enbodi ment may _be !sgd_separately or in conbination
on, ei ther enbodi nent. 79
PCT/ US95/ 04598 23 Cl ai ms 1.
powder i nhal er conpri sing: a housi ng; a m xi ng chanber
wi thin the housing; 5 a nout hpi ece on the housing; , a '
plurality of entry passageways extending substantial ly
tangential ly through the housing into the mxEng chanber; an
exit passageway extending fromthe m xing ch '] 10 tomefds t he
mout hpi ece; and ' . ga Eg
S
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sneans*for in
The powder i §
mounted with

claim1 wher ¢i

into the m xing chanber .

o a5 3" e Sﬂmherp"rﬁmﬁtﬂiﬁ' ’

or introducing conprises a plunger ‘and a -

| oadi ng open I ng. 4. The powder inhaler of claim
1 further co S+ € ette for carrying powdered drug, rotatably
attached 20 o the housing. 3 A powder inhaler conprising:

a housing; a m xi ng chanber within the housing; a front

cylinder attachad t@ (e Wil bl dbtigisdng2 cylinder chanber;
a first plurality of oenlﬁs extendln bet nthe g chanber and
hgck "‘Taéés

the cylinder chéngpusing havipg 4 f£xophy rerfdi ¢t Bal |y
t hrough t he circutdesieng itz inbalnférmgngmrmmc sHaped ndxiegoBHapbeigl ity of

openi ngs extendlngfradlgpl%nlng impeller rotatably mounted within the
housing; '

at least one inlet leading into the mixing chamber;

a supply port passing through the housing and leading
into the mixing chamber;

a mouthpiece joined to the front wall of the housing;: -
and

an outlet passing from the mixing chamber into the

mouthpiece.’

2. The dry powder inhaler of claim 1 wherein a
plurality of inlets extend tangentially through the
circumferential wall in alignment with the impeller.

3. The dry powder inhaler of claim 1 further compris-
ing_ an impeller pin supporting the impeller in the hous-
ing, with the pin parallel to a central longitudinal axis
of the mixing chamber.

4. The dry powder inhaler of claim 1 further com-
prising a disc on the rear wall, with the disc having a
plurality of blisters containing a dry powder.

5. The dry powder inhaler of claim 1 wherein the
impeller fits closely within mixing chamber on all sides.

6. The dry powder inhaler of claim 1 further compris-
ing:

a plurality of inlets passing through the circumfere-
ntial wall into the mixing chamber and located between the
front wall and the rear wall and entering substantially

C:\WP51\DOCS\DURA\PCTCLM. 046




o

*fhfough the front cylinder; and means for introducing a powder

into the mixing - chanber-. " WD 95/28192 .
PCT/ US95/ 04598 . _ : 24 6. The inhaler
of claim5 further conprising a one - way valve within the air plenum to
prevent back flow from -the cylinder chanber into the m xi ng chanber.

7. The inhaler of claim5 further conprising a 5 nouthpiece attached to

t he m xi ng tube. 8. The-inhaker of claim2 further conprising a
m xer in the m xi ng chanber. 9. The inhaler of claim38

further corjangentyiallptimto the mixing chamber, so that air passing
through the inlets impinges on the impeller.

7. The dry powder inhaler of claim 1 wherein the
axig of rotation of the impeller is parallel to a central
longitudinal axis of the mouthpiece.

8. The dry powder inhaler of claim 1 wherein the
front wall and back wall are flat.

9. The dry powder inhaler of claim 1 wherein the
impeller has flat blades.

10. The dry powder inhaler of claim 1 wherein the
impeller is centered in the mixing chamber.
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for spi nning %‘he mxer. 10 10. “The ?{ﬁﬁlﬁ%l)araf

t-he

of ¢

m xi ng chamberPCT 1WORLD INTELLBEIAE PROBERTY bRGARIZETIOME€r €1 N T Ul
l'eads into a central area of the m XIAFPHEWEEr. 15 12.

; .;dvf‘u; claim
first ~plurality of openings have sharp'edges opening §

I nhal er
ai MNEERRATIONAL ARPLICAHON: B/BLISHED {INDER [EHF BATEND COOPERATION TREATY: (RCH

ext e@l)igerhdiiontPdient Oissiii@tiiong | nto [ he Mg oo gghamber:
i'ng ana.?ﬁl having a p

cart

powdp apertures alignable

Tural i &S}IOO?SIZSEZ
(4 m&hﬁﬁﬁhtﬁnﬂm@ﬂﬂmf 26 OcBbeP 1954 @6110.95)

LG, ,adlor
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apert
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flow
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54 Title: DRY POWDER INHALER
(57) Abstract

. | 40!
A dry Powder medicine inhaler has a housing (403) and a mouthpiece (405). :

An aerosolizing chamber (407) is formed between a front wall (408) and a rear

wall (409) of the housing (403). An impeller (411) is rotatably mounted on a pin 4’ ,

(413), to rotate within the aerosolizing chamber (407). Radial inlets (425) pass
through the housing (403) and enter substantially tangentially into the aerosolizing
chamber (407). A blister pack (421) on the housing (403) provides individual doses
of powdered drug mixture into the aerosolizing chamber (407). The user inhales
from the niouthpiece (405) causing the impeller (411) to spin and mix the powdered
drug with air, which is inhaled by the patient.
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14. The inhal er
a vari abl e aperture.

of claim 13 wherein the nmeans for

control | i ngr conpri ses

applications under the PCT.

AT Austria GB
AU Australia GE
BB Barbados "GN
BE  Belgium "GR
BF Burkina Faso ) HU
BG Bulgaria IE
BJ Benin T
BR - Brazl »p
BY Belarus KE
CA  Canada - KG
CF Central African Republic KP
cG Congo

CH Switzerland KR
CI Cdte d'lvoire KZ
CM Cameroon LI
CN China LK
CS  Czechoslovakia LU
CZ  Czech Republic LV
DE Germany MC
DK Denmark MD
ES Spain MG
F1 Finland ML
FR France MN
GA Gabon

United Kingdom
Geargia :

Guinea

Greece

Hungary

Ireland

Ttaly

Japan

Kenya

Kyrgystan

Democratic People’s Republic
of Korea

Republic of Korea
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